We have searched 40 southern Galactic supernova remnants for radio pulsars at 436, 660, and 1520 MHz. Our survey covered each target remnant in its entirety and was sensitive to pulsars with minimum luminosities in the range 5 { 500 mJy kpc 2
Introduction
Pulsar{supernova associations are potentially valuable for understanding the fate of massive stars and the birth and evolution of neutron stars and supernova remnants (SNRs) in the Galaxy. Establishment that a neutron star is part of an SNR is important to classifying the remnant in terms of one type of explosion (Type II or Type Ib, Ic). Furthermore, pulsar associations provide independent estimates of crucial remnant properties such as age and distance. The detection of a pulsar can also clarify unusual morphology in a remnant, as in the proposed association between PSR B1757?24 and G5.4?1.2 (Frail & Kulkarni 1991; Manchester et al. 1991) , where the morphology might otherwise lead to a misclassi cation (e.g. Becker & Helfand 1985) .
There is independent strong motivation to search for young pulsars. With their higher spin-down luminosities, young pulsars are more likely to be detected at X-ray and -ray energies, providing an important observational diagnostic for the yet mysterious rotationpowered neutron-star energetics. Young pulsars often exhibit glitch behavior (e.g. McKenna & Lyne 1990; Kaspi et al. 1993) , useful for diagnosing the physics of neutron-star interiors.
Young pulsars also typically show interesting random rotational irregularities (e.g. Johnston et al. 1995) , and their rapid spin-down often allows the measurement of deterministic rotational properties that constrain electromagnetic braking (e.g. Lyne, Pritchard & Smith 1988; Kaspi et al. 1994) .
Three previous searches of comparable sensitivity for pulsars in SNRs have been published. Manchester, D'Amico & Tuohy (1985) , who searched a total of 53 Galactic remnants at 1420 MHz, found four new pulsars. Recently Gorham et al. (1995) reported on their search of 18 SNRs using the Arecibo radio telescope at 430 and 1420 MHz, and Biggs & Lyne (1995) reported on their search of 29 SNRs using the Lovell telescope at Jodrell Bank at similar frequencies. Neither search resulted in new detections. One weakness of all those surveys was that the telescope beam sometimes encompassed only a small fraction of the target SNR, problematic since some recently proposed pulsar/SNR associations involve a pulsar that is neither at the center nor within the boundaries of the remnant (Manchester et al. 1991; Frail & Kulkarni 1991; Frail, Kulkarni & Vasisht 1993; Caraveo 1993) . Untargeted searches have discovered young pulsars which have subsequently been proposed for associations with nearby remnants (e.g. Johnston et al. 1992 ).
Here we report on a search carried out at 436, 660, and 1520 MHz toward 40 Galactic southern SNRs. In this search we ensured complete coverage of every target. We have discovered two previously unknown pulsars, PSR J1104?6103 and PSR J1627?4845. In x 2 we describe our observations and data analysis, in x 3 we present our results and in x 4 we present timing observations of the two new pulsars discovered as part of this e ort, { 3 { PSR J1104?6103 and PSR J1627?4845. In x 5 we discuss our results, and consider the plausibility of the associations between the two new pulsars and their target remnants.
Observations and Analysis
Observations were made with the 64 m radio telescope at Parkes, NSW, at various epochs between 1988 July and 1989 January, and additionally over ve days in 1992 July. Cryogenically cooled systems receiving orthogonal linear polarizations were used at all three observing frequencies. The signals were down-converted to an intermediate frequency, ltered in multi-channel lter-banks, detected, and band-limited. The lter-banks consist of 2 256 125 kHz lters at 436 MHz, 2 128 250 kHz lters at 660 MHz, and 2 64 5 MHz lters at 1520 MHz. After summing the polarizations, the signals were sampled using one-bit digitization and recorded on magnetic tape. The sample interval was 1.2 ms at all three frequencies for the 1992 observations, as well as for the earlier observations at 1520 MHz. At 660 MHz, the sample interval was 0.3 ms for the earlier observations, although in subsequent processing, every three adjacent samples were summed for an e ective sample interval of 0.9 ms. System temperatures for the 436, 660, and 1520 MHz systems were 55, 45, and 50 K respectively, and the e ective half-power beamwidths at Parkes are 38 0 , 27 0 , and 11 0 respectively. O -line, fast Fourier transforms were performed on the data sets at a variety of dispersion measure (DM) values. We searched 160 DM values in the range 0{400 pc cm ?3 at 436 MHz, 80 DM values in the range 0{550 pc cm ?3 at 660 MHz, and 70 DM values ranging from 0{2200 pc cm ?3 at 1520 MHz. All processing was done on the Convex 220 computer at the Australia Telescope National Facility. The size of the transform was chosen to be close to the total number of samples in an observation, with zero padding for transform sizes exceeding the data length. Each spectrum was searched for pulsar-like signals, and sensitivity to short duty-cycle signals was improved by incoherently summing 2, 4, 8, and 16 harmonics of the fundamental. Periodicities with signal-to-noise ratios greater than eight which were not observed in more than one direction (i.e. not obviously terrestrial interference) were subject to further analysis. The data were then folded at a variety of periods and DMs near the nominal values determined by the Fourier transform software, and the period and DM corresponding to the highest signal-to-noise pulse pro le were recorded. The pro les, as well as their temporal and frequency behavior, were inspected visually, with top candidates noted for subsequent attempted con rmation.
A list of our target remnants is presented in Table 1 . Targets were generally chosen on the basis of their southern location, although during gaps in the schedule more northern sources were observed. In addition, we searched only remnants for which no persuasive association with a young pulsar had been proposed. In the Table, the attributes of each remnant are in general as listed in the Green (1988) SNR catalog, as revised in the WWW version at http://www.phy.cam.ac.uk/www/research/ra/SNRs/snrs.data.html. The remnant types are abbreviated as S for shell remnants, P for plerions, C for composites, and C? for objects di cult to classify. The tabulated remnant sizes are diameters, with major and minor axes of non-circular remnants given where appropriate. The uxes are at 1 GHz, and the coordinates are of the approximate remnant centers. The estimated distances to each target, listed in column 6 of Table 1 , were obtained from references in the Green catalog; remnant distances are di cult to measure, and we have made every attempt to adopt the most recent or most reliable estimate. In cases where no reliable estimate was available, we adopted a distance based on the highly uncertain ? D relation (Clark & Caswell 1976) . In adopting distances from a variety of estimation techniques, we hoped to minimize systematic errors in the subsequent analysis.
Depending on scheduling constraints, some targets were observed at multiple frequencies, some at a single frequency multiple times, and some only once. However, we ensured that the entire remnant was covered by at least one observation, either by choosing the lowest observing frequency to maximize the telescope beam size or by doing a number of pointings at slightly di erent positions. Columns 2, 3, and 4 in Table 2 summarize our observations. The areas of sky surveyed were 5.7 square degrees at 436 MHz, 4.9 square degrees at 660 MHz, and 0.77 square degrees at 1520 MHz. Accounting for overlaps, a total of 8.5 square degrees were surveyed at one or more frequencies.
To establish our survey's sensitivity, we estimated the minimum detectable ux density for each source at each observing frequency using the formula
(1) where S=N min = 8 for the minimum interesting pulse signal-to-noise ratio, F = 1:21 to account for the loss due to one-bit digitization, D is the pulsar duty cycle, taken to be 5%, and is the rms noise, estimated using the expression
In the above, T sys is the system temperature in K, T sky is the sky temperature at the remnant coordinates in K, evaluated using the Haslam et al. (1982) 
where f is the observing frequency and b is the channel bandwidth, both in MHz, and all timescales, W o , W , i and s are in ms.
The lowest values of S min for each observing frequency are tabulated in columns 5, 6, and 7 in Table 2 . The nal column in the Table shows the lowest of the three when extrapolated to 400 MHz, assuming a typical pulsar spectral index of ?2, unless the lowest was from an observation that did not cover the remnant in its entirety (2 cases), or for which scattering and/or dispersion was likely to reduce the sensitivity signi cantly (4 cases). For the former group, S min was chosen from an observation at a frequency for which the telescope beam was su ciently large, whereas for the latter group we chose S min from that of a higher observing frequency for which the e ects of dispersion and scattering are expected to be minimal, if possible. Sources for which this was not possible are indicated by asterisks in the Table. Dispersion and scattering are discussed in more detail in x 5.5.
Results
We have discovered two new pulsars in this survey, PSR J1104?6103 and PSR J1627?4845. Detailed parameters for these are given in the next section. Eight previously known pulsars, listed in Table 3 , were detected. In general, the observed signal-to-noise ratios are consistent with our sensitivity estimates, given the pulsar's ux density and its o set from the beam center, accounting for scintillation, and uncertainties in the pulsar spectral indexes and remnant uxes. All of these pulsars have either been considered for SNR associations before (see footnotes to Table 3 ), or have characteristic ages greater than 500,000 yr, suggesting that they are not associated with the presumably much younger target remnant (but see x 5.7.2 below). Timing observations were made using the observing system described in x 2. O ine, the data were folded at a variety of periods and DMs around the nominal values and the resultant pro les with the highest signal-to-noise ratio saved. They were then convolved with high signal-to-noise ratio templates (see Figs. 1 and 2). Arrival times were recorded, and the standard TEMPO pulsar timing software (Taylor & Weisberg 1989) was used for the subsequent analysis, together with the JPL DE200 planetary ephemeris.
PSR J1104?6103 was detected at 1520 MHz toward the SNR G290.1?0.8. Following its discovery, 37 timing observations were obtained between 1992 July and 1994 July, with 31 observations at 1520 MHz and seven at 436 MHz. Typical lengths of observations for this pulsar were 30 min, which yielded average pro le signal-to-noise ratios of 20 and pulse time-of-arrival uncertainties typically of 0.5 ms. The timing data are well tted by a simple timing model for an isolated pulsar, with timing residuals dominated by measurement uncertainties and no evidence for any random rotational irregularities, or \timing noise." Astrometric, spin and radio parameters for PSR J1104?6103 are provided in Table 4 , in which numbers in brackets represent 1 uncertainties. Figure 1 shows average pulse pro les at 436 and 1520 MHz.
PSR J1627?4845 was detected at 660 MHz while observing the SNR G335.2+0.1. After its discovery, 27 timing observations were made from 1992 August through 1994 July at 1520 MHz. Typical integration times were 30 min, and the signal-to-noise ratios of average pro les were typically 8, which resulted in timing uncertainties of 4 ms. The timing data for PSR J1627?4845 are also well tted by a simple timing model for an isolated pulsar, although its timing residuals are not completely consistent with the measurement uncertainties, suggesting the presence of a small amount of timing noise. Astrometric, spin and radio parameters for PSR J1627?4845 are provided in Table 4 . Figure 2 shows the average pulse pro les at 1520 and 660 MHz.
Discussion
In summary, we have searched 40 remnants and detected 10 pulsars, including two previously unknown sources, with seven within the half-power beam. To assess the success of this survey, in this section we estimate the number of new associations we expected to nd, considering why pulsations might not have been detected from every target. We then estimate the number of expected detections, within the half-power beam, of eld pulsars unassociated with targets. Detailed modeling of many of the issues discussed below has { 7 { been done by Gaensler & Johnston (1996) , yielding similar conclusions.
The formation of neutron stars in supernovae
Observational evidence shows that 85% of supernovae are of Type Ibc or Type II (Evans, van den Bergh & McClure 1989; Muller et al. 1992) , which are commonly thought to have evolved from massive progenitors, and hence are likely to have formed compact objects. This is consistent with the rough agreement between the occurrence rate of supernovae (and birth-rate of remnants) with the estimated neutron-star birth-rate (Helfand & Becker 1984; Weiler & Sramek 1988) . It is true, however, that the neutron-star birth-rate is debated (Narayan & Ostriker 1990; Lorimer et al. 1993) , and the fraction of Type Ibc and II supernovae that produce neutron stars, as opposed to black holes (e.g. Bethe & Brown 1995) , is controversial. Nevertheless, requiring only a small fraction of supernovae to produce neutron-star remnants would be di cult to reconcile with most of the evidence.
The pulsar luminosity function
Using the S min values in Table 2 together with the remnant distance estimates d provided in Table 1 , we have computed upper limits to the 400 MHz luminosities of pulsars associated with each target, S min d 2 . Luminosity upper limits obtained in this way ranged from 5 { 500 mJy kpc 2 and have mean hL upper i ' 100 mJy kpc 2 . Thus, this survey represents nearly an order of magnitude sensitivity improvement over the Manchester et al. (1985) survey. Figure 3 shows histograms of luminosities of all pulsars in the Taylor, catalog for which luminosities are available (striped region), as well as the mean luminosity upper limit hL upper i for this survey (vertical line). Some 60% of known pulsars have luminosities greater than hL upper i. However, the known pulsars represent only a fraction of the Galactic pulsar population, and are very likely to be over-representative of the brightest members. We use the work of Lorimer et al. (1993) to correct for this problem. With their model (see their Figure 7 ), >89% of all pulsars have luminosities below 100 mJy kpc 2 , the lower limit a result of the poor statistics on pulsars with luminosities less than 10 mJy kpc 2 . Since very little statistical information is available on pulsars with L < 10 mJy kpc 2 , we hesitantly assume that we were sensitive to 11% of all pulsars in this survey, although a large population of low-luminosity pulsars would require a signi cant modi cation of this number. Gaensler & Johnston (1996) have done simulations of the time evolution of both pulsars and SNRs, as well as of the selection e ects involved in the detection of each class { 8 { of object. They showed that, because of luminosity alone, most shell SNRs will not have a detectable pulsar associated with them.
We note that the Lorimer et al. (1993) luminosity law suggests that younger pulsars have higher luminosities than the general population, although less so than past studies have suggested (e.g. Emmering & Chevalier 1989) , the latter previously providing strong motivation for searches such as that reported here. In Figure 3 we have also shown the luminosities of the 21 known pulsars with characteristic ages less than 100,000 yr (crossed region). Their distribution is not obviously unlike that of the general population. We therefore choose not to assume that young pulsars have higher luminosities.
The pulsar beaming fraction
The beaming fraction of pulsars is not easy to determine, but attempts have been made using two methods. The rst is by interpreting total intensity and polarization of pulse pro les in terms of a geometric model for the emission beam (e.g. Radhakrishnan & Cooke 1969) , and noting dependence of the beamwidth on rotation period. The exact form of the dependence is disputed (Narayan & Vivekanand 1983; Lyne & Manchester 1988; Biggs 1990) but it is generally agreed that the beaming fraction for young pulsars is between 0.3 and 1.0. The second method for determining the beaming fraction, applicable to young pulsars only, is to consider pulsar/SNR associations in which the SNR is a plerion or a composite, assumed to contain an active pulsar. Shortly after the discovery of PSR B1951+22 in the SNR CTB80, Narayan & Schaudt (1988) noted that four of the ve plerion or composite SNRs they considered most likely to house a detectable pulsar in fact did. This suggested that the beaming fraction of young pulsars is close to 1.0. However, Frail & Mo ett (1993) concluded the beaming fraction is closer to 0.6 after nding no new pulsars in deep VLA imaging of seven additional plerion or composite remnants. Lyne & Lorimer (1994) have shown that the mean pulsar birth velocity, a result of an asymmetric supernova explosion giving the pulsar a velocity \kick," is considerably higher than previously thought, near 450 km s ?1 . Indeed, a number of proposed associations exist between pulsars and SNRs in which the pulsar is found near or well outside the remnant boundaries (Manchester et al. 1991; Frail & Kulkarni 1991; Frail, Kulkarni & Vasisht 1993; Caraveo 1993) , although they may also represent accidental superpositions in regions where { 9 { pulsars and SNRs are numerous (e.g. Kaspi et al. 1993; Johnston et al. 1995) .
Pulsar velocities
To estimate the fraction of pulsars that have left the remnant boundaries, we rst estimated remnant ages using the expression for Sedov expansion derived by Clark & Caswell (1976) . We assumed the Lyne & Lorimer (1994) mean pulsar transverse velocity at birth of 345 km s ?1 . Next we calculated the parameter PSR = SNR (Shull, Fesen & Saken 1989) , where PSR is the angular o set of the pulsar from the remnant center assuming it was born there, and SNR is the mean angular radius of the remnant. We estimated for shell remnants only, on the assumption that plerions and composite remnants contain an active pulsar (Seward & Wang 1988; Frail & Mo ett 1993) . We obtain a mean value h i ' 0:16; assuming a Maxwellian velocity distribution, this implies that all pulsars lie within the target remnant boundaries. This holds even if the estimated ages are signi cantly underestimated, for example if expansion slowed because of a dense medium, or if many remnants are in the later radiative-cooling phase. Gaensler & Johnston (1995b,c) , combining existing models for pulsar and SNR evolution and detection selection e ects, have carried out a detailed simulation of a Galactic population of SNRs and pulsars, comparing their results with the known associations, and estimating the number of pulsars expected to be found inside remnants. They nd that the expected number of true associations for which > 1 is only 5% for a remnant population with ages evenly distributed below 60 kyr, rising to only 30% for a similar population with maximum age 200 kyr. The mean age of the remnants in our survey is well under 60 kyr; thus our rough estimate that any neutron star associated with a target remnant lies within the remnant boundary is consistent with their result.
Scattering and dispersion
We used the distance estimates in Table 1 , together with the Taylor & Cordes (1993) Galactic electron distribution model to estimate the DM and scattering toward each remnant. We caution that this method, given the large uncertainties in the distances, as well as in the Taylor & Cordes model, is approximate at best. For 24 of the 40 targets, observations at 436 MHz are predicted in this way to have resulted in DM smearing of < 4 ms, and scattering of s < 13 ms. For six of the remaining 16, observations at 660 MHz are predicted to have resulted in similar e ects. Of the remaining ten, seven were observed and covered completely at 1520 MHz, where the predicted e ects of scattering and dispersion are small. Thus, only three of the targets are likely to have su ered strongly deleterious e ects. The values for S min in Table 2 re ect appropriate minimum ux values (i.e. at a frequency at which the entire remnant was covered and for which scattering and dispersion are unlikely { 10 { to play a major role) except for the above three targets, which are noted by asterisks.
These e ects are exacerbated for short-period pulsars. If, in spite of the fact that the mean period of known pulsars with characteristic age less than 100,000 yr is 280 ms, most SNR pulsars have periods comparable to or shorter than that of the Crab pulsar, we will have signi cantly underestimated the problem. Indeed, that the mean period of young pulsars is not smaller may well be a result of these e ects. Furthermore, if SNRs themselves contribute signi cantly over and above the Galactic scattering and dispersion, we will have similarly underestimated the sensitivity loss.
Summary
In summary, it is clear there are many uncertain parameters that determine the success of this and other searches for pulsars in SNRs. We construct here an approximate formula for use in estimating the number of young pulsars associated with target remnants, N, that might be expected to be detected in this and other similar surveys:
where f SNR is the fraction of all supernovae that produce neutron stars, f L is the fraction of all neutron stars with detectable radio emission, f b is the fraction of all radio emitters that beam toward the Earth, f ISM is the fraction of pulsars detectable in spite of dispersion and scattering in the interstellar medium, N P;C is the number of plerion or composite remnants, f is the fraction of pulsars inside the parent shell remnant, and N S is the number of shell remnants. According to the above discussions, we estimate f SNR ' 0:85, f L ' 0:11, f b ' 0:6, f ISM ' 0:9, f ' 1:0, and for this survey, N P;C = 13 and N S = 27. With these estimates, we nd that we should have detected 2 new young pulsars.
We note that because we selected target remnants for which no persuasive association has been suggested, our SNR sample is biased. Had we included remnants for which associations with young pulsars have been proposed, the predicted number of detections, 2, would not have changed signi cantly, yet we would have detected more pulsars. For example, we would have detected the Vela pulsar searching the Vela remnant, PSR B1853+01 near W44, as well as PSR B1757?24 near G5.4?1.2. Thus, had our sample of SNRs included just two remnants for which compelling associations already exist, the associated pulsars would have comprised the predicted number. Hence, we cannot unambiguously assert that we should have discovered even a single new pulsar associated with a remnant. Gaensler & Johnston (1995b) have argued that many apparent associations between old pulsars and SNRs are purely geometric in nature. Therefore we must also estimate the number of pulsars unassociated with target remnants that we should have found by chance. At 1520 MHz, we searched 0.77 square degrees, concentrated largely in the Galactic plane, to an average limiting ux density of 0.17 mJy. Using the surface density of pulsars implied by the Johnston et al. (1992) survey, and assuming the number of detectable pulsars is proportional to S ?3=2 min , we estimate that we were likely to detect 1.2 pulsars at 1520 MHz. Similarly, at 436 MHz, from the distribution of pulsars detected in the recent Parkes all-sky survey , their limiting sensitivity, our search area of 5.7 square degrees, and our average S min at 436 MHz of 1.9 mJy, we estimate that we were likely to have detected 2 pulsars. The number expected to be detected at 660 MHz should be approximately the same, since we surveyed a comparable area to an average limiting ux density of 1.0 mJy, and the typical pulsar spectral index is ?2. Thus, we expected to detect 5 pulsars by chance. As shown in Table 3 , we detected seven pulsars within, and three bright sources well outside, the half-power beam. Thus, the probability of having detected new pulsars unassociated with target SNRs is signi cant and, statistically speaking, no pulsar detected in this survey need be associated with its target SNR.
5.7. Is either PSR J1104?6103 or PSR J1627?4845 associated with its target remnant?
5.7.1. PSR J1104?6103 and G290.1?0.8
We do not consider an association between PSR J1104?6103 and G290.1?0.8 likely for several reasons. First, the Taylor & Cordes (1993) pulsar distance model suggests that for DM=78 pc cm ?3 , this pulsar lies at a distance of 2.3 kpc, with an uncertainty of 25%.
By contrast, HI absorption measurements by Goss et al. (1972) imply that the remnant's distance is >3.4 kpc, and Clark & Caswell (1976) put it at 6 kpc via the ?D relation. Furthermore, the pulsar's position lies well outside the remnant, and there is no morphological evidence for any association. In addition, the pulsar's characteristic age of = 2:3 10 6 yr is far greater than the expected lifetime of an SNR, rendering an association implausible unless spin-down ages are signi cant overestimates of true pulsar ages (but see x 5.7.2). Finally, we note that a new short-period pulsar, PSR J1105?6107, was recently discovered near the SNR G290.1?0.8 (Kaspi, Manchester & D'Amico 1996) 6 and the association between the two is more plausible than that discussed here. Figure 4 . The distance to the pulsar, from the Taylor & Cordes (1993) distance model, is 6.8 kpc, with uncertainty 25%. The distance to the remnant has been estimated, using the uncertain ? D relation, to be 6.5 kpc (Clark & Caswell 1976) . Thus, the position and distance of this new pulsar suggest that an association is plausible. However, the pulsar, having characteristic age = 2:7 10 6 yr, is much older than the maximum age commonly assumed for an SNR to be observable. This suggests that the apparent superposition of the pulsar on the SNR is merely due to chance alignment.
Alternatively, we note that , estimated as = P=2 _ P , is only an upper limit to the true pulsar age. In general, the true age is given by true = P (n ? 1) _ P " 1 ?
where n is the braking index and P 0 the spin period at birth, and where the pulsar magnetic eld is assumed constant. Thus is a good approximation to true only if P >> P 0 and n = 3. If the present spin period of PSR J1627?4845 is very close to the birth spin period, the pulsar is much younger than suggests, and an association with the remnant is plausible. There is some evidence that SNRs are observable up to ages of 100,000 yr (Gaensler & Johnston 1995b ). If, for PSR J1627?4845, true =100,000 yr, then P 0 =600 ms for n = 3. In this case, the pulsar's transverse velocity must be 70 km s ?1 for it to have reached its present location 4 0 from the remnant center, 7 its assumed birth location. This velocity is lower than the mean pulsar birth velocity (Lyne & Lorimer 1994 ), but consistent with being part of the low end of the distribution. If PSR J1627?4845 is younger than suggests, it is di cult to reconcile its large P 0 with the short birth spin periods of many well-established young pulsars, unless slowly-rotating neutron stars are \injected" into the population, as has been suggested by various population synthesis studies (Vivekanand & Narayan 1981; Narayan 1987; Narayan & Ostriker 1990) . The establishment of a rm association between a pulsar with a large characteristic age and an observable supernova remnant, for example between PSR J1627?4845 and G335.2+0.1, would provide unambiguous evidence for the injection hypothesis. Measurements of 21 cm HI absorption in the radiation from G335.2+0.1 and PSR J1627?4845, to establish distances to both sources, as well as additional timing 7 Here we take the remnant center to be at approximately ( Table 1 ) is o set from this position by 2 0 .
observations of the pulsar to look for timing noise or glitches, may be of value in further assessing this possible association.
Conclusions
We have searched 40 southern Galactic supernova remnants for radio pulsars. Using our best ux limits together with distance estimates for each target, we nd that, on average, we were sensitive to pulsars with luminosities greater than 100 mJy kpc 2 . Our survey covered each target remnant in its entirety, and though our sensitivity was reduced by up to a factor of two near remnant boundaries, there was signi cant sensitivity well outside many remnants, as evidenced by the discovery of PSR J1104?6103. Using reasonable assumptions about young pulsar luminosities, beaming fractions, velocities, radio propagation parameters, remnant ages, and the number of remnants that are the result of neutron-star-creating supernova, we estimate that we should have detected 2 new young pulsars associated with their target remnants, although we note that our SNR sample is incomplete. We also estimate that we should have detected 5 pulsars unassociated with remnants within the half-power beam. We detected ten pulsars, including seven within the half-power beam, of which two were not previously known. However, both have characteristic ages of more than two million years, suggesting neither is associated with its target remnant. The association of one of those pulsars, PSR J1627?4845, with its target remnant G335.2+0.1, is plausible only on the assumption that some pulsars are injected into the population with long spin periods, as has been suggested by various population synthesis models (Vivekanand & Narayan 1981; Narayan 1987; Narayan & Ostriker 1990) . The association requires further study before its veracity is determined.
If the association is shown to be false, this search will have resulted in no new pulsar/SNR associations, in spite of considerable observational e ort. The largest factor inhibiting the detection of pulsars in our survey was sensitivity; this suggests that deeper surveys of remnants are warranted. Alternatively, if, contrary to our rough estimates as well as those independently made by Gaensler & Johnston (1996) , many pulsars are found outside remnant boundaries because of kick velocities introduced at the supernova explosion, considerable reward might be gained for the extra e ort required to search exhaustively not only remnant interiors, but also remnant surroundings. In each case, the whole period is displayed and the instrumental smoothing is smaller than the time resolution which is 1/128 of the period. The 660 MHz pro le is from the discovery observation; because of the obvious scatter-broadening which gives rise to large errors in arrival times, this pulsar was not subsequently observed at this frequency.
{ 24 { Fig. 3 .| Comparison of this survey's sensitivity with the luminosity distribution of the known pulsar population. The striped area shows the 400 MHz luminosities of the pulsars in the Taylor, Manchester & Lyne (1993) catalog, the crossed region the 400 MHz luminosities of the 21 known pulsars having characteristic ages less than 10 5 yr, and the vertical line shows the mean upper luminosity limit for pulsars in the target remnants of this survey.
